Psoriasis is a common inflammatory skin disease. It is known to be a complex condition with multifactorial mode of inheritance, however the associations between particular pathogenic pathways remain unclear. A novel report on the pathogenesis of psoriasis has recently included the genetic determination of the skin barrier dysfunction. In this paper, we focus on specific genetic variants associated with formation of the epidermal barrier and their role in the complex pathogenesis of the disease.
Introduction
Psoriasis is a common chronic inflammatory skin disease. The combination of genetic, immunological and environmental factors is considered to play a pivotal role in the induction of the disease [1] . Up to date, psoriasis has been classified as a complex disease, depending on gene-gene and gene-environment interactions as well as various disturbances in innate and adaptive immunity. This hypothesis has been confirmed by genetic studies.
Linkage analysis of large family cohorts led to the identification of major susceptibility loci located on various autosomal chromosomes. To date, the strongest association with psoriasis has been proven in psoriasis susceptibility 1 (PSORS1) locus on chromosome 6p21 [2] . The region consists of 250-kb within the major histocompatibility complex class I (MHC class I). Among 10 genes identified in PSORS1 locus, the strongest correlation with psoriasis in various ethnic groups has been described in the case of HLA-Cw6 allele [3] . As in other disorders characterized by a polygenic inheritance model with a low penetration of genes, HLA-Cw-*-06 is responsible for 35-50% of predisposition to the early-onset psoriasis. This suggests the presence of other polymorphisms outside the MHC region, which together with HLA-Cw-*-06, form a specific genetic panel correlated to the significantly higher risk of developing the disease.
Recent genome-wide association studies (GWAS) have led to the identification of numerous candidate genes that may play a role in the pathogenesis of psoriasis. These include novel genetic polymorphisms of genes involved in the interleukin 23, 12, 17 (IL-23, IL-12, IL-17) and nuclear factor kB (NF-kB)-dependent signaling pathway [4] . These findings support the immune-mediated background in the pathogenesis of psoriasis. Recently, the researchers' attention has been focused on identification of novel genetic markers connected with functioning of the skin barrier in psoriasis. Interesting results obtained by GWAS analyses have led to the formulation of the hypothetical role of a genetically determined skin barrier dysfunction in the pathogenesis of psoriasis. In this paper, we present current reports on specific genetic variants associated with the epidermal barrier function and their role in the complex pathogenesis of the disease.
Cornified envelope
The following stages in the keratinocyte differentiation process are characterized by the expression of spe-cific genes encoding different structural proteins. The terminal step of the keratinization process is associated with the formation of a highly specialized insoluble protein-lipid structure called the cornified envelope (CE). At the molecular level, the very stable structure of cornified envelope is based on the formation of isopeptide bonds catalyzed by transglutaminases (TGs): TG1, TG3 and TG5 [5] . At the initial stage of this process, the cytoskeleton is formed by linking the keratin intermediate filaments (KIFs) with filaggrin. Next, the transglutaminases catalyze the joining of involucrin, loricrin, trichohyalin, small proline-rich proteins (SPRPs) and members of a recently discovered family of late envelope proteins (LEPs) and the family of S100 proteins [5] [6] [7] [8] . Finally, the process is followed by the attachment of lipids, including ceramides, to the protein structure of cornified envelope.
The role of cornified envelope is crucial for proper functioning of the epidermal barrier. Therefore, any abnormalities in the expression of genes encoding proteins that are a part of the envelope structure or participate in the enzymatic catalysis process, may result in disturbances at different stages of keratinocyte differentiation and eventually lead to the dysfunction of the epidermal barrier. Recent genome wide association studies have focused on the role of specific candidate genes involved in the process of cornified envelope formation in the pathogenesis of psoriasis vulgaris.
Epidermal differentiation complex genes
Epidermal differentiation complex (EDC), located within PSORS4 locus on chromosome 1q21, harbors genes which are expressed at various stages of the keratinization process ( Figure 1 ). Up to date, 45 genes have been identified within the complex. Proteins encoded by epidermal differentiation complex genes are divided into three families: a group of cornified envelope precursor proteins (including, loricrin -LOR, involucrin -IVL, small proline-rich proteins -SPRPs and late cornified envelope proteins -LCE), a group of proteins binding the keratin filaments (including, filaggrin -FLG, trichohyalin -TCHH, filaggrin 2 -FLG2, repetin -RPTN, hornerin -HRNR, cornulin -CRNN) and a group of calcium binding proteins S100 [9] [10] [11] .
Studies on the role of the genetic factor of skin barrier abnormalities in the pathogenesis of atopic dermatitis (AD), led to the discovery of two independent null mutations (R510X and 2282del4) in the filaggrin gene in different cohorts of patients with AD [12] . The results have revolutionized the hypothesis on the primary role of disturbances in immune response in the pathogenesis of AD. Due to the location of the FLG gene in or near PSORS4 locus, both loss-of-function mutations in FLG gene, -R510X and 2282del4, have also been studied in cohorts of patients with psoriasis. The genetic analyses conducted in German and Dutch populations have not shown any significant association of null mutations in the FLG gene with the risk of psoriasis [13, 14] . On the other hand, the distinct results of the study by Kim et al. provide evidence for the correlation of psoriasis with a low expression of genes encoding filaggrin and loricrin. In the study, 9 skin biopsies taken from both psoriatic plaques and perilesional skin have been analyzed by real-time PCR (qPCR) method. The qPCR results demonstrating a low expression of the filaggrin and loricrin genes have been confirmed by immunohistochemical staining of the encoded proteins in the skin biopsies [15] . Additionally, the reduced expression of the loricrin gene and its significant correlation to the risk of psoriasis have been also demonstrated by independent analyses carried out by Chen et al. and Giardina et al. [11, 16] . Furthermore, in vitro study results by Kim et al. proved a significant role of tumor necrosis factor-α (TNF-α) in the regulation of filaggrin and loricrin expression through N-terminal protein kinase c-Jun-dependent pathway [15] . As in the case of TNF-α, the Th2-mediated cytokines regulate the expression of genes encoding epidermal differentiation complex proteins, but probably these pathways are related to different signaling patterns. The reduced filaggrin, involucrin and loricrin expression, regulated by Th-2-mediated cytokines, has been confirmed independently in the populations of patients with AD and psoriasis [15, 17, 18] . These reports are supportive of the fact that the epidermal barrier genes are not constitutive and their expression is regulated by various immunological factors.
The family of S100 proteins comprises 25 members. These proteins are a part of cornified envelope and are S100 LOR SPRR IVL LCE FIL S100 Figure 1 . Epidermal differentiation complex characterized by low molecular mass. The role of S100 proteins includes activation of the innate immune response by stimulating production of proinflammatory cytokines, including TNF-α. An increased expression of S100A4, S100A7, S100A8, S100A9 and S100A12 has been observed in psoriatic skin lesions, however its role in the pathogenesis of the disease remains unclear. The study by Wolf et al. has shown that the increased expression of S100A7 and S100A15 in the skin of mice is associated with induction of an inflammatory process that leads to development of histological features characteristic of perilesional skin changes in the course of psoriasis [19] .
Recently, the researchers' interest has been focused on the family of genes encoding late cornified envelope proteins (LCE proteins). This group comprises representatives divided into six subfamilies described as LCE-1-LCE-6 [10] . The LCE gene cluster is located within PSORS4 locus on chromosome 1q21.3 and is a part of the EDC complex. Late cornified envelope proteins are involved in the terminal phase of keratinocyte differentiation process [20] . The study by Jackson et al. has shown a different expression of respective subsets of these genes. Additionally, the family of LCE1 and LCE2 is highly expressed in the skin, whereas the expression of the LCE3 group is undetectable or detectable at very low levels within the epithelial cells [10] . Considering the association of the LCE gene cluster with psoriasis, interesting results of genetic analyses demonstrate a common deletion comprising LCE3B and LCE3C genes (LCE3C_LCE3B-del). The results of the study by de Cid et al. from Western European cohort showed a variable number of copies of genes (copy number variations, CNVs) associated significantly with the LCE family in patients with psoriasis. Further analysis led to a discovery of the common deletion of the two aforementioned genes, which significantly correlated to the risk of psoriasis development [21] . Supportive results were obtained in other studies from ethnically diverse cohorts, which finally have been confirmed in the meta-analysis by Riveira-Munoz et al. [22] [23] [24] [25] . Moreover, genetic analysis in the Chinese population led to the discovery of single nucleotide polymorphisms (SNPs) remaining in linkage disequilibrium (LD) with LCE3C_LCE3B-del in patients with psoriasis [26] . The role of the deletion in the pathogenesis of the disease is still unclear, however the fact of its high incidence in the general population (accounting for approximately 60-70%) is also interesting. Physiologically, the LCE3 protein family is undetectable in the skin, however the expression of the LCE3 genes may be induced by physical traumas. This suggests a major role of LCE3 proteins in the process of damage repair in the skin. Considering the probable role in the pathogenesis of psoriasis, the loss of function of LCE3B and LCE3C genes can lead to a significant impairment of cornified envelope formation, which can result in dysfunction of the damage repair process in the epidermis [21] . Furthermore, the disturbances in the epidermal barrier function may result in promotion of penetration of the exogenous antigens, which may re-stimulate or induce pro-inflammatory response in psoriasis. Finally, the interesting results of genetic studies on the presence of interactions between HLA-Cw-*-06 and LCE3C_LCE3B-del in patients with psoriasis seem to support the complex nature of the disease [21, [25] [26] [27] .
Cystatins
Recent identification of novel genetic polymorphisms associated with the cystatin gene (CSTA) has been proven to contribute to psoriasis development [28] . The CSTA gene located within the PSORS5 locus on chromosome 3q21, encodes a protein with the average molecular mass of 11 kDa. Cystatin A is an endogenous cysteine protease inhibitor, a precursor protein for cornified envelope, and regulates a desquamation process as well as differentiation of keratinocytes. In the study by Vasilopoulos et al., a significant association of two haplotypes (CSTA TCC, CSTA TTC) with psoriasis has been discovered. What is more, the study results provide strong evidence for interaction between these haplotypes and HLA-C-w*-06, which means that the disease risk seems to be higher for individuals who carry risk alleles at both CSTA and HLA-C [29] .
Another protein involved in the regulation of the skin barrier formation process is cystatin M/E, encoded by CST6. High expression levels of CST6 have been reported in the stratum granulosum of normal human skin and the secretory coils of eccrine sweat glands [30] . Cystatin M/E proved to be an inhibitor of asparaginyl endopeptidase legumain, cathepsin L (CTSL), cathepsin V (CTSV) as well as a controlling factor in the process of cross-linking mediated by transglutaminase 3 (TGM3) during terminal differentiation of keratinocytes. Dysregulation in the pathway controlled by cystatin M/E leads to disturbances in the desquamation process which results in abnormalities in skin barrier functioning. In the study by Cheng et al., a decreased cystatin M/E expression level has been observed in psoriatic skin lesions [31] .
Conclusions
Although psoriasis is generally regarded as an immunologically mediated disorder, results of the recent genetic studies confirm the significant role of particular genes involved in the formation of the skin barrier in the pathogenesis of the disease. This provides a novel viewpoint to the complex genetic background of psoriasis.
